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ABSTRACT Domain III of the mitochondrial 12S rRNA gene fromHessian ßy,Mayetiola destructor
(Say), was sequenced in 21 populations from the United States, two populations from Canada, Þve
populations from the Mediterranean basin, one population from Southwest Asia, and one population
fromNewZealand. From the total alignment, seven uniquemitochondrial DNA (mtDNA) sequences
(haplotypes)were identiÞed.Of the seven12Shaplotypesonly three(haplotypes 1, 2, and3)occurred
in populations from North America, indicating these were most likely the introduced haplotypes.
Haplotypes were not restricted to any given biotype of M. destructor as deÞned by virulence to
resistance genes inwheat. Thus, neutralmarkers did not show structure based on biotype. Populations
of M. destructor showed a predominance of one haplotype over the others in speciÞc geographic
regions. However, Wolbachia DNA was not detected in any population, indicating that inheritance
patterns of mtDNA in M. destructor were most likely due to repeated bottlenecks leading to the
expansion of one lineage over another. The complete complement of 12S sequences in the M.
destructor populations was subjected to a phylogenetic reconstruction by using haplotypes 1 and 3 of
the gall midge Orseolia oryzae (Wood-Mason), as outgroups. Results from this initial study indicate
a more robust phylogenetic reconstruction and analysis of population history will test the hypothesis
of a single introduction of M. destructor into North America.
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THE HESSIAN FLY, Mayetiola destructor (Say), poses a
signiÞcant economic threat to crop production in all
wheat-growing areas of the United States and is the
most important insect pest of wheat in the eastern
soft-winter-wheat region. It is thought to be endemic
to the southern Caucasus and Southwest Asia, the
presumed center of origin of the genus Triticum L.
(Harlan and Zohary 1966), and to have dispersed to
North Africa and Europe (Ratcliffe and Hatchett
1997). Historically, the Þrst report of M. destructor
infesting wheat in North America was on Long Island,
NY, in 1779, and it was believed Hessian mercenaries
serving with Lord HoweÕs army during the Revolu-
tionary War had brought the pest 3 yr earlier from
Europe in bedding straw (Ratcliffe and Hatchett
1997). However, the possibility of additional intro-
ductions of the pest during the colonization of North
America by Europeans has been suggested, speciÞ-
cally introduction of M. destructor into California by
the Spanish (Packard 1928). The possibility of multi-
ple introductions intoNorthAmerica has implications
concerninggenetic variationand theabilityof thepest
to respond to resistance genes in wheat.

The primary method of control of the insect is
through genetically resistant wheat (Gallun 1977).
However, the development of biotypes capable of
surviving on formerly resistant wheat is a threat to the
durability of resistance (Ratcliffe et al. 1994). Resis-
tance in wheat is expressed as larval antibiosis and is
controlled by dominant alleles at one or two loci.
Virulence in the insect (ability of larvae to survive on
and stunt plants) for some resistance genes in wheat
is controlled by recessive alleles at single loci and
operates in a gene-for-gene relationship with resis-
tance (Hatchett and Gallun 1970, Gallun 1978, For-
musoh et al. 1996, Zantoko and Shukle 1997). Popu-
lations of M. destructor generally contain a mixture of
virulence alleles (Ratcliffe et al. 2000), suggesting that
gene ßow occurs across biotypes. Previous analysis of
allozyme variation among M. destructor populations
suggested considerable genetic differentiation among
local populations (Black et al. 1990). The most likely
explanation of this local differentiation was consid-
ered to be genetic drift among natural populations.
Several aspects of the biology of M. destructor were
considered likely to reduce gene ßow among local
populations in the Þeld. Dispersal by adults is limited
and probably does not exceed a few hundred meters
at most (Harris et al. 2003). Males and females are
short lived (generally 1 d for males; 2 to 3 d for
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females), and behaviors have evolved for rapid mate
location within proximity (Harris and Foster 1991).
Ovipositionby females begins 1 to 3 h aftermating and
limits the time a female can spend in dispersal (Harris
andRose 1991). Gene ßow or rate ofmigration among
populations is fundamental to the rate at which viru-
lence can evolve and spread in populations. In M.
destructor, immigration of dominant alleles for aviru-
lence would reduce virulent, recessive homozygotes
and decrease the rate at which new virulent pheno-
types arise. Restricted local gene ßow would increase
the probability of new recessive mutations becoming
homozygous.
AlthoughM. destructor populations have been sam-

pled to monitor biotype composition, no molecular
analyses have been conducted to study introduced
populations of the pest in North America in reference
to ancestral populations in the Old World. This can
restrict interpretation of genetic variation amongpop-
ulations in North America. Additionally, despite the
economic importance of the pest, dispersal patterns
and intraspeciÞc variability have been studied infre-
quently. Sequence variation within mitochondrial
DNA (mtDNA) has been used extensively to study
insect populations (Caterino et al. 2000), including
intraspeciÞc phylogeography of phlebotomine sand-
ßies (Esseghir et al. 1997, Ready et al. 1997) and the
blowßy Lucilia cuprina (Weidemann), (Gleeson and
Sarre 1997) and can reveal historical and phylogeo-
graphical patterns that reßect dispersal of the organ-
ism and fragmentation of its environment (Avise et al.
1987, Avise 1994).
The objective of the current study withM. destruc-

torwas to make an initial assessment of mitochondrial
DNAvariation and the geographic distribution of hap-
lotypes, to determine the feasibility of addressing an-
cestry and historical biogeography, and to test the
prevailing hypothesis that there was a single intro-
duction of M. destructor into North America.

Materials and Methods

Experimental Insect. Samples of populations from
different geographic origins within the United States,
Canada, theMediterraneanbasin, SouthwestAsia, and
New Zealand were obtained between 2000 and 2003.
Population samples fromwithin the United States and
fromCanada,NewZealand, and Israelwerecomposed
of puparia fromwhich adults were allowed to emerge.
Population samples from Spain, Morocco, Syria, and
Kazakhstan were preserved in 100% ethanol. Samples
of M. destructor populations from Manitoba and On-
tario, Canada, were provided by Dr. Jay Whistlecraft
(Agriculture Canada, London, Ontario, Canada). The
Horticultural Research Institute (Mt. Albert, New
Zealand) provided the sample of M. destructor from
New Zealand (Harris et al. 2001). The population
sample fromSpainwas providedbyDr. JoseDelMoral
(SIDT, Department de Fitopattologia, Barajoz,
Spain). Population samples from Israel were provided
by Dr. Phyllis G. Weintraub (Gilat Research Center,
Negev, Israel), and population samples from Syria,

Kazakhstan, and Morocco were kindly provided by
Dr. Mustapha El Bouhssini (Germplasm Program,
ICARDA,Aleppo, Syria). Samples of thewheatmidge,
Sitodiplosis mosellana (Géhin), were provided by Dr.
Robert Lamb (Agriculture Canada, Winnipeg, Can-
ada).
Biotype composition of population samples as de-

Þned by virulence to resistance genes in wheat was
determined in the present work as described by Rat-
cliffe et al. (2000) for populations from North Amer-
ica, New Zealand, and Israel. Virulence to resistance
genes within the population from Spain was deter-
mined by Dr. Jose Del Moral. Virulence to resistance
genes is present at varying frequencies in the popu-
lations from Morocco, Syria, and Kazakhstan (Naber
et al. 2000, 2003). Populations from Israel, New Zea-
land, and Canada were established in culture for fu-
ture reference as described by Black et al. 1990.

Amplification and Sequencing. For polymerase
chain reaction (PCR) ampliÞcations, DNA was ex-
tracted from individual adults or pupae by using the
Omega Mollusc DNA EZ-kit (Life Science Products,
Frederick, CO). Domain III of the mitochondrial 12S
rRNA gene was ampliÞed using total DNA extracted
from M. destructor and S. mosellana, respectively, and
primers 12S-F, 5�-AATTAAAAACGACGGGCAA-
TATGT-3� and 12S-R, 5�-AAACTAGGATTAGATAC-
CCTTTTAT-3� based on the sequence of 12S rRNA
primers SRJ-14233 andSR-N-14588(Simonet al. 1994)
for Drosophila and other insects, with modiÞcation
based on sequence data obtained for the 12S rRNA
gene from M. destructor.
Infection withWolbachiawas assayed with primers

based on the 16S rRNA gene (16S-F, 5�-TTGTAGC-
CTGCTATGGTATAACT-3� and 16S-R, 5�-GAATAG-
GTATGATTTTCATGT-3�) of Wolbachia pipientis
(OÕNeill et al. 1992, Behura et al. 2001) and primers
designed to the Wolbachia ftsZ gene (FtsZ-F,
5�-TACTGACTGTTGGAGTTGTAACTAAGCCGT-3�
and FtsZ-R, 5�-TGCCAGTTGCAAGAACAGAAA-
CTCTAACTC-3�) and wsp gene (WspF-, 5�-TGGTC-
CAATAAGTGATGAAGAAACTAGCTA-3� andWsp-
R, 5�-AAAAATTAAACGCTACTCCAGCTTCTGCAC-
3�) (Jeyaprakash and Hoy 2000).
PCR ampliÞcations for the 12S rRNA sequences

were carried out in 25-�l volumes of 1� PCR buffer
(Promega, Madison, WI), 2 mM MgCl2, 400 �M
dNTPs, 2 �l of template DNA (vide supra), 0.5 �M
each primer, and 2.5 U of TaqDNA polymerase (Pro-
mega). PCR ampliÞcations for Wolbachia DNA were
by Long PCR by using the linked thermal cycler pro-
Þles described by Jeyaprakash and Hoy (2000). Am-
pliÞcations were performed in an MJ Research DNA
Engine Dyad thermal cycler (MJ Research, Water-
town,MA). AmpliÞcation of 12S rRNA sequenceswas
with the following program steps: 1) 94�C for 1min, 2)
50�C for 30 s, 3) 72�C for 1 min, 4) cycle to step 1
thirty-four times, 5) 72�C for 5 min, and 6) 4�C hold.
A positive control for ampliÞcation of the Wolbachia
DNA was with total DNA extracted from both indi-
viduals and bulks of the weevilCallosobruchus chinen-
sis L., which is known to be infected with Wolbachia
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(Ijichi et al. 2002). DNA negative controls were in-
cluded in all PCR ampliÞcations.
PCRproductswere separated in1%agarosegels and

visualized by ethidium bromide staining. PCR ampli-
cons were extracted from gel slices using the QIA-
quick gel extraction kit (QIAGEN, Valencia, CA) and
sequenced using dye-termination cycle sequencing
(Sanger et al. 1977) by the Purdue Genomics Facility
over both strands.

Sequence Analysis. Sequences were aligned using
ClustalX (1.81) software (Thompson et al. 1997). The
distance/neighbor-joining (NJ; Saitou and Nei 1987)
method was used for phylogeny reconstruction.
Anopheles gambiae (Giles) was used as the out-
group for interspeciÞc analysis of 12S sequences from
M. destructor and other cecidomyiid species. 12S
rRNA sequences for the following species, accession
numbers in parentheses, were downloaded fromGen-
Bank: An. gambiae (L20934), O. oryzae haplotype 1
(AF306553), O. oryzae haplotype 2 (AF306554),
O. oryzae haplotype 3 (AF306555), gall midges in
the subtribe Baldratiina (Diptera: Cecidomyiidae)
Stefaniella trinacriae Stefani (AJ495756), Stefaniola
brevis Mohn (AJ495743), Stefaniola siliqua Dorchin
(AJ495749), Izeniola obesula Dorchin (AJ495742),
Baldratia salicorniae Kieffer (AJ495744), Baldratia
suaedae Mohn (AJ495745), and Baldratia occulta
Dorchin (AJ495754). For intraspeciÞc analysis of 12S
sequences in the M. destructor populations studied,
Orseolia oryzae (Wood-Mason) haplotypes 1 and 3
were used as outgroups. We used PAUP 4.0b10 for
Windows (Swofford 1998) to conduct the analyses
[NJ: minimum evolution criterion, FelsensteinÕs dis-
tance estimator (Felsenstein 1984) for unequal base
frequencies, unequal transitions (Ti):transversions
(Tv)]. ConÞdence values for groupings in the trees
were assessed by bootstrap resampling (Felsenstein
1985) with 10,000 repetitions for distance/NJ. Gaps
were excluded from the analyses.

Data Deposition. The 12S rRNA nucleotide se-
quence data for M. destructor and S. mosellana used
in phylogenetic reconstructions were submitted to
GenBank and have the following accession numbers:
M. destructor haplotypes 1Ð7, AY460205ÐAY460211;
and S. mosellana haplotype 1, AY461598.

Results and Discussion

Using primers for ampliÞcation of domain III of the
mitochondrial 12S rRNA gene, a fragment of� 400 bp
from 30 populations of M. destructor was ampliÞed.
Primers used for M. destructor also ampliÞed a frag-
ment of the expected size from S. mosellana. Analysis
of PCR products in agarose gels revealed a single
amplicon and no indication of heteroplasmy or pos-
sible pseudogenes. Blastn searches of the sequences
showed high homology to 12S rRNA genes from other
insect species, conÞrming the PCR amplicons were
fromthemitochondrial 12S rRNAgene.Fromthe total
alignment, there were seven unique mitochondrial
DNA sequences (haplotypes) identiÞed among the
M. destructor populations. Gaps were ignored, and

each haplotype was numbered in the order it was
identiÞed. Five transitions were revealed, including
two C3T and three A3G. Only two transversions
were identiÞed, and both were A3T.
Three 12S haplotypes occurred in the North Amer-

ican populations (Fig. 1). Haplotype 1 was predomi-
nant in populations from the southeastern United
States and the Northwest, whereas haplotype 2
showed prevalence in populations from Illinois, Indi-
ana, North Carolina, and Winnipeg (Manitoba, Can-
ada). Haplotype 3 was present at low frequency in
populations from Illinois, Indiana, andNorth Carolina
but was present at nearly equal frequency with hap-
lotype 2 in the population from Ontario, Canada.
Within the populations from theMediterranean ba-

sin, Southwest Asia, and Australasia, all seven 12S
haplotypes were found (Fig. 2). Haplotype 1 was pre-
dominant in thepopulations fromSpain,Morocco, and
New Zealand. Haplotype 2 was the predominant hap-
lotype in the population from Kazakhstan. Haplotype
3 was identiÞed at low frequencies in the populations
from Spain and Morocco. Haplotype 4 was found in
Kazakhstani populations at a low frequency. Haplo-
types 5 and 6, two previously unseen types, were
identiÞed in the population from Syria. The Israeli
populations showed only haplotype 7.
Of the 12S haplotypes identiÞed in the present

work, only threeof the sevenwere foundwithinNorth
America. Having been identiÞed in other parts of the
world, the presence of haplotypes 1, 2, and 3 indicate
that these mutations are not speciÞc to North Amer-
ican M. destructor populations and therefore these
haplotypes have not evolved here. Furthermore, the
presence of only haplotypes 1, 2, and 3 are most likely
representative of the initial introduction/s into North
America.
Aphylogenetic analysiswasconductedbasedon the

seven M. destructor 12S sequences, the S. mosellana
12S sequence ampliÞed in the current work, and the
complete complement of 12S sequences in GenBank
for named cecidomyiid species. This matrix provided
463 total characters of which 144 were parsimony-
informative and 88were uninformative. Thedistance/
neighbor-joiningphylogenetic reconstruction(Fig. 3)
positioned O. oryzae haplotypes 1 and 3 distant from
the other cecidomyiid species. S. mosellana was posi-
tioned basally among the remaining cecidomyiid spe-
cies. A clade, whose topology was congruent with
previous studies (Dorchin et al. 2004), contained gall
midges within the subtribe Baldratiina (Diptera:
Cecidomyiidae). A second clade contained the seven
M. destructor haplotypes.Within this clade, haplotype
7 from the Israeli populations was positioned basally,
suggesting that haplotype 7 is the most ancestral mi-
totype sequenced to date. Mild statistical support is
given for the separation of M. destructor haplotypes;
however, there is resolution of the seven haplotypes
via restrictionenzymeanalysis.Eachof thehaplotypes
can be detected through a precise series of restric-
tions. Haplotypes 1, 4, and 5 share several restriction
fragment length polymorphisms in common, which
reduces the amount of variation between the three
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types to only Þve parsimonious informative characters
supporting the close association in the phylogenetic
reconstruction.

Genetic distances (Table 1) among the cecidomyiid
12S sequences were estimated by the method of
Felsenstein (1984). The A. gambiae 12S sequence, as

Fig. 1. Distribution range ofM. destructorwithin the United States sampling sites used. Shaded areas represent reported
distribution(Foster et al. 1986).An increase in thedistribution rangehas occurred in theNorthwest since 1986 asM.destructor
has moved eastward. Numbers on the map indicate collection site. Frequency distribution of haplotypes is indicated by the
pie charts as follows where the number before the parenthesis indicates haplotype number and the number within indicates
the number of individuals: 1. Spokane County (Co.),WA, 1(32); 2. GarÞeld Co.,WA, 1(40); 3. Lewis Co., ID, 1(24); 4. Milam
Co., TX, 1(29), 3(1); 5. Miller Co., AR, 1(28), 2(4); 6. Richland Co., LA, 1(48); 7. Washington Co., MS, 1(20); 8. Hale Co.,
AL, 1(40); 9. Baldwin Co., AL, 1(42), 2(6); 10. Jackson Co., FL, 1(20); 11. Sumter Co., GA, 1(32); 12. Barnwell Co., SC, 1(35),
2(5); 13. Florence Co., SC, 1(23), 2(15); 14. Rowan Co., NC, 1(10), 2(30); 15. Beafort Co., NC, 2(25), 3(3); 16. Washington
Co., NC, 2(6), (34); 17. New Kent Co., VA, 1(30), 2(8); 18. Wicomico Co., MD, 1(48); 19. Sussex Co., DE, 1(30); 20. Posey
Co., IN, 2(22), 3(10); 21. Peoria Co., IL, 1(30, 2(22), 3(2); 22. Winnipeg, Manitoba, Canada, 2(25); and 23. London, Ontario,
Canada, 2(27), 3(28).

Fig. 2. Geographic locations ofM. destructor in theMediterranean basin, Southwest Asia, andNewZealand. Dots onmap
indicate collection site. Frequency distribution of haplotypes is indicated by the pie charts as follows: Spain, 1(26), 3(10);
Morocco, 1(20), 3(9); Rahama, Israel, 7(20); Gilat, Israel, 7(50); Syria, 5(23), 6(46); Kazakhstan, 2(53), 4(16); and New
Zealand, 1(48).
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expected fromadistant relative, differed innucleotide
sequence divergence from the cecidomyiid 12S se-
quencesby45.6%(O.oryzaehaplotype1) to 53.5%(O.
oryzae haplotype 2). Divergence among the M. de-
structor 12S haplotypes ranged from0.76 to 3.44%. The
greatest degree of divergence among theM. destructor
haplotypes occurred with respect to haplotype 7 (Is-
raeli populations), which differed in nucleotide se-
quence from the remaining haplotypes by 2.61% (hap-
lotype1) to3.44%(haplotype5).Thishighpercentage
is indicative of between-species comparisons; there-
fore, further analysis is needed to determine whether
haplotype 7 is ancestral or an incipient species. The
range of pairwise sequence divergence rates for mi-
tochondrial DNA of higher eukaryotes is generally
quoted at 1.0Ð2.3% per million years (Brown 1983,
Hasegawa et al. 1985, Brower 1994, Hewitt 1996).
Whereas the present analysis of sequence divergence
in the mitochondrial genome of M. destructor was
deÞned by variation in domain III of the 12S rRNA
gene (vide supra), results suggest the 12S haplotypes
revealed in this study shared a common ancestral
mitochondrial genome �1.5Ð3.4 million years ago.
Surprisingly, the phylogenetic analysis supported

positioning haplotype 2 ofO. oryzaewith haplotype 2

of M. destructor. Divergence among the M. destructor
haplotypes and O. oryzae haplotype 2 ranged from
2.39% (M. destructor haplotype 2) to 5.47% (M. de-
structor haplotype 7). In contrast, O. oryzae within
species divergence was greater between both haplo-
type 1 and haplotype 3 in comparison with haplotype
2 (34.7 and 36.8%, respectively). This strange lack of
divergence between O. oryzae haplotype 2 and M.
destructor haplotype 2 could be reßective of the com-
mon ancestral mitotype once shared by the ce-
cidomyiid relatives severalmillion years; however, it is
beyond the scope of this research to further elucidate
the signiÞcance of this Þnd. Yet, if present results are
supported by later study with additional genes, the
presence of an incipient species withinO. oryzaemay
be supported.
The complete complement of 12S sequences in the

M.destructorpopulations studiedalsowas subjected to
an intraspeciÞc phylogenetic reconstruction by using
the distance/neighbor-joining method withO. oryzae
12S haplotypes 1 and 3 serving as outgroups (Fig. 4).
This analysis supported the previous reconstruction
by positioning haplotype 7 in the Israeli populations
basally among the M. destructor haplotypes, further
supporting the possibility that haplotype 7 could be an

Fig. 3. Phylogenetic reconstruction based on domain III of the mitochondrial 12S rRNA gene from M. destructor
(haplotypes 1Ð7), S.mosellana,O. oryzae (haplotypes 1Ð3), and gallmidge specieswithin the subtribeBaldratiina.An. gambiae
was included as the outgroup. The topology and branch length of the cladogram is produced by distance/neighbor-joining.
Numbers above branches correspond to bootstrap support above 50% by using the distance estimator of Felsenstein (1984).
M. destructor haplotypes were numbered according to the order of their Þnding, and the place of incidence is listed for each
haplotype.
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ancestral mitotype. Although the relationships among
the M. destructor haplotypes were not strongly sup-
ported, the topologyof the treewasgenerally the same
as in the previous analysis (Fig. 3).
Unlike the association of greenbug, Schizaphis

graminum (Rondani), resistance and mitochondrial
haplotypes, no sequence difference in the 12S rRNA
gene was observed between biotypes that vary in
host-adapted alleles within the M. destructor popula-
tions studied(Shufranet al. 2000).Thus, neutralmark-
ers did not show structure based on biotype. This
suggests the biotype composition of Þeld populations
reßects selection pressure from genes for resistance in
hexaploid wheat and did not diverge through repro-
ductive isolation predating the cultivation of wheat,
Triticum aestivum L., �12,000 yr ago.
An assessment of phylogenetic relationships based

entirely onmitochondrial genes, however,may not be
appropriate (Nigro and Prout 1990). Wolbachia bac-
teria are maternally inherited cytoplasmic symbionts
and occur in many insect species as well as many
species of mites, isopods, and Þlarial worms (Werren
1997). The role of Wolbachia in insect population
dynamicshasbeenstudied, andas infectionprogresses
through a species, the frequency of mitochondrial
genes from infected individuals increases in popula-
tions due to the maternal inheritance of Wolbachia
andmitochondria (Turelli et al. 1992). InO. oryzae, all
female ßies of all biotypes are infected with Wol-
bachia, whereas infection in males varies in different
biotypes, effectively producing mating barriers be-
tween haplotypes leading to proliferation of one
type over another (Behura et al. 2001). Like Aedes
albopictus (Skuse) Birungi and Munstermann 2002),
M.destructor inNorthAmerica shows a predominance
of one haplotype over the others in speciÞc geo-
graphic regions. Therefore,we tested for the presence
ofWolbachiaDNAin the30geographicpopulations of
M. destructor included in the current study and six
Purdue University laboratory biotypes (biotypes GP,
B, C, D, E, and L) by Long PCR by using primers for
Wolbachia DNA (see Materials and Methods).
PCR with DNA extracted from bulks or individuals

of C. chinensis, the positive control, resulted in ampli-
cons of the expected size, the authenticity of which
was conÞrmed by sequencing. However, results were
negativewithDNAextracted fromindividualsorbulks
from the geographic populations and laboratory bio-
types of M. destructor. To date, no reproductive bar-
riers or anomalies have been observed in matings
withinorbetweendifferent geographicpopulationsor
laboratory biotypes of M. destructor. Although it is
possible Wolbachia may be later detected in some
populations of M. destructor, it seems likely that Wol-
bachia was not present in any of the populations or
laboratory biotypes of M. destructor tested in this
study. In the absence of Wolbachia, small founding
populationswith few females could be themain factor
inßuencing repeated bottlenecks leading to the ex-
pansion of one lineage over another.
Weprovide here a Þrst assessment ofmitochondrial

DNA sequence divergence in M. destructor and the
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geographic distribution of mitochondrial haplotypes
in North America, the Mediterranean basin, and
Southwest Asia. Recent results from additional mito-
chondrial sequence information in conjuction with
the 12S rRNA sequence have revealed additional res-
olution within Haplotype 1, which is predominant in
most of the United States, as well as the other 12S
haplotypes. This suggests that a more robust phylo-
genetic reconstructionwith the inclusionof additional
genes as well as populations from additional geo-
graphic sites both in North America (i.e., New York
and Pennsylvania) and the Old World (northern Eu-
rope) can test the prevailing hypothesis concerning a
single introduction of M. destructor into North Amer-

ica by the Hessians during the Revolutionary War.
More thanone introductionof thismajorpestofwheat
into North America could have signiÞcance concern-
ing geographic variation, genetic diversity, and the
ability to respond to resistance genes in the host plant.
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